Pyruvate decarboxylase from Zymomonas mobilis is inhibited by 3-hydroxypyruvate, which can also act as a poor substate. While catalysing the decarboxylation of this alternative substrate, the enzyme undergoes a progressive but partial inactivation over several hours. The extent of inactivation depends upon the pH and upon the concentration of 3-hydroxypyruvate. After partial inactivation and removal of unchanged 3-hydroxypyruvate, enzymic activity recovers slowly. We suggest that inactivation results from accumulation of enzyme-bound glycollaldehyde, which is relatively stable, possibly because it is dehydrated to form an acetyl group.
INTRODUCTION
Pyruvate decarboxylase (EC 4.1.1.1) catalyses the conversion of pyruvate into acetaldehyde and is one of a handful of enzymes that require thiamin diphosphate as a cofactor. This enzyme occurs free in some organisms that can ferment sugar to ethanol. The decarboxylation is similar to that of the first stage of the reaction catalysed by the pyruvate dehydrogenase multienzyme complex, but it liberates the acetaldehyde formed rather than using it for reductive acetylation of lipoyl groups. The enzymes from yeast [1] [2] [3] , wheat germ [3] [4] [5] and the bacterium Zymomonas mobilis [6, 7] have received particular attention.
We have been interested in the last of these and, while investigating its susceptibility to substrate analogues, discovered an unusual effect of 3-hydroxypyruvate. This compound is a very poor substrate and a good inhibitor, but prolonged incubation of the enzyme with this compound causes a progressive partial inactivation. We describe our observations in the present paper.
EXPERIMENTAL
Cultures of Z. mobilis strain ZM6 (A.T.C.C. 29191) were obtained from Dr. Lindsay Sly (Culture Collection, Microbiology Department, University of Queensland). Cells were grown, harvested and lysed, and pyruvate decarboxylase was purified, as described by Neale et al. [7] , except that a final purification step by gel filtration on Bio-Gel P-300 was added. Other enzymes, as well as all reagents, were obtained from commercial sources. One unit of enzyme activity is defined as the quantity that catalyses the formation of 1 The concentration of 3-hydroxypyruvate was determined at 30°C in 50 mM-Tes/NaOH buffer, pH 7.5, containing 0.25 mM-NADH and up to 0.2 mM-3-hydroxypyruvate; the concentration of 3-hydroxypyruvate was calculated from the change in absorbance at 340 nm 9 min after the addition of 10 units of pig heart (band 1) lactate dehydrogenase/ml. The concentration of acetate was detemined enzymically with acetyl-CoA thiokinase, citrate synthase and malate dehydrogenase in a preceding indicator procedure [8] .
Non-linear-regression analysis was performed by using the DNRP53 computer program [9] . RESULTS 
AND DISCUSSION
Pyruvate decarboxylase was tested for its susceptibility to inhibition by a range of substrate analogues (Table 1) . Glyoxylate was found to be a strong inhibitor, consistent with earlier observations on the yeast enzyme [1] . The second most effective inhibition was seen with 3-hydroxypyruvate, which also proved to be a weak substrate. Although the maximum velocity observed with this alternative substrate was less than 1 % of that seen with pyruvate, the affinity for 3-hydroxypyruvate (Km 0.584 + 0.047 mM) is somewhat higher than that for pyruvate (Km 0.947 + 0.064mM). The inhibition by this compound was shown to be competitive with pyruvate ( Fig. 1 (Fig. 2) , but a substantial fraction of the enzyme remained active after incubation with 15 mM-3-hydroxypyruvate (results not shown), which is 25 times the inhibition constant and which should be saturating. The extent of inactivation also depends upon the pH (Fig. 3) , with little or no effect at alkaline pH values; inactivation was most pronounced at pH 6.5, but even under these conditions it did not exceed 50 0.
The results in A puzzling feature of the data shown in Fig. 2 is the fact that activity declines to a plateau, which is unaffected by further incubation or by higher concentrations of 3-hydroxypyruvate. The cessation of inactivation is not due to exhaustion of 3-hydroxypyruvate (Table 2 ). Hence the plateau may represent an equilibrium, at which further inactivation is balanced by spontaneous reactivation. In order to examine this possiblity, partially inctivated enzyme was separated from 3-hydroxypyruvate and glycollaldehyde; the activity was slowly recovered and reached nearly full activity after several hours (Fig. 4) . Re The reason for the stability of the enzyme-bound dihydroxyethylthiamin diphosphate are unclear, since the corresponding hydroxyethylthiamin diphosphate, which formed during pyruvate decarboxylation, rapidly dissociates to release acetaldehyde. It may be that the presence of the hydroxy group on C-3 allows the initial decarboxylation product, instead of gaining H+ to form -CHOH-CH20H, to lose OH-to become -C(OH)=CH2, which will at once tautomerize to form an acetyl group. A reaction of this type would not be without precedent, as wheat-germ pyruvate decarboxylase has been shown to catalyse decarboxylation and dehalogenation of 3-fluoropyruvate, to form stoichiometric amounts of acetate [5] . A similar dehalogenation of both 3-fluoropyruvate and 3-bromopyruvate by the Escherichia coli pyruvate dehydrogenase complex has also been described [10, 11] , and for this enzyme 3-bomopyruvate also acts as an inactivator. Further, the isolated pyruvate decarboxylase component of this complex is inactivated by 3-bromopyruvate, which has been proposed [11] to result from formation of a thiamin diphosphate-bound acetyl group, which is then irreversibly transferred to a cysteine residue in the enzyme. However, such a transfer would appear to be unlikely in the case of Z. mobilis pyruvate decarboxylase, as the inactivation is readily reversed by incubation in the absence of 3-hydroxypyruvate or by raising the pH.
